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 This note describes the test set up and test procedures for measuring voltage 

spikes in superconducting strands. The different types of Nb3Sn samples for the tests are 

also introduced.   
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Dimension in inch 

1) Introduction 

 

 Magnets which are utilizing unstable Nb3Sn conductor were extensively studied at 

Fermilab. While energizing these magnets we observed many voltage spikes by 

monitoring two half coil segment voltages. Since the magnet coils are made of multi-

strand cable it was not obvious whether the complexity of the cable or just the strand 

itself is responsible for the shape of the spikes.  The main goal of testing strands is to try 

to identify the origin (strands or cable) of these voltage spikes. 

 

2) Hardware set up  

 

 Critical current measurements of superconducting strands are performed at the 

Short Sample Test Facility (SSTF) at Fermilab. The measurement is accomplished, at 

constant magnetic field and temperature, by ramping up the current and monitoring the 

voltage in between voltage taps which are usually attached to both ends of the coil 

(sample). The voltage is zero until the current is high enough to turn the superconductor 

into the normal state. If the transition between superconducting to normal state is gradual 

and reversible means that the superconductor reached its critical current value. However, 

if it is abrupt (non-continuous) and not reversible it usually points toward premature 

quenching of the sample. These critical current measurements are performed at various 

external magnetic field values. The magnetic field direction is perpendicular to the strand 

and the sample is wound on a grooved cylindrical Ti-alloy barrel fig. 1 [1]. 

In order to measure voltage spikes on strands the Voltage Spike Detection System 

[2] (VSDS) developed by the Instrumentation & Control group of the Development & 

Test department of the Technical Division is planned to be used in parallel to the SSTF 

critical current readout system [3]. Three signals have to be provided to the VSDS: the 

current signal and the two voltage signals between the two half coils. The two half coil 

signals must be inductively balanced in order to be able to remove the common noise by 

bucking the two signals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1 Strand sample holder 
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2.1) Current Signal 

 

 At the SSTF the two current supplies can provide a voltage signal proportional to 

the output current value. The maximum current for each power supply is 895 A and the 

voltage signal changes linearly with the current between -0.125V and 5V. 

 The two power supplies (the master and the slave) are connected in parallel. The 

slave power supply follows the current that is provided by the master. Since the 

difference in current between the two power supplies is negligible, the only signal 

coming from the master is sent to the VSDS. 

 

2.2) Voltage taps and wiring 

 

 The goal is to install the voltage taps in a configuration that allows performing 

voltage spike measurement and standard current voltage measurement at the same time.  

 In fig. 2 a simplified electric schematic of the SSTF is shown. The probe that 

supports the sample holder has 6 pairs of twisted wires (permanently attached to the 

probe) so the maximum number of channels for measuring the voltages is six. These 

voltage tap wires are connected to a 12 pin connector located at the top of the probe. For 

standard current-voltage measurements only 3 pairs of wires are used as is shown in Fig. 

3 [3].  In tab. 1 we collected all the wiring and connector pin assignment information. 

 For spike studies 2 spare wire pairs will be used for the two half coil signals as it 

is shown in fig. 4 and in tab.2. 

 

2.3) Splitting  the 12-pin connector voltage signals  

 

The easiest way to access the V-tap signals is to make a break-out box and split 

the signals in the box, and then to connect each signal to several different connectors. For 

this purpose a ‘connector’ box has been built. Fig. 5 shows the schematics of the readout 

system after the box was introduced and Fig. 6 shows the electrical schematics of the 

‘connector’ box itself. 

All 6 signals have been completely duplicated for being sent to the standard 

critical current readout system (slow DAQ) and to a fast DAQ system recently introduced 

for quench detection and other studies [4]; moreover the 2 voltage signals coming from 

the 2 half coils have been hooked up to separate 8-pin connectors to be compatible with 

the VSDS system.  
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Fig.2 Simplified electric schematic of the SSTF
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Fig.3 Taps and wiring configuration for standard 

current-voltage measurement 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig.4 Taps and wiring configuration for spike studies 

 

CABLE’S CONN. PROBE’S TAPS 

WIRES  PINS WIRES LOCATION 

RED A RED 1 

GREEN B GREEN 2 

BLUE C WHITE 3 

BLACK D BLACK 4 

BLACK E RED 5 

BLACK F GREEN 6 

YELLOW G WHITE SPARE 

BLACK H BLACK SPARE 

BROWN J RED SPARE 

BLACK K GREEN SPARE 

WHITE L WHITE SPARE 

BLACK M BLACK SPARE 

CABLE CONN. PROBE TAPS 

WIRE 12-PIN WIRE  LOCATION 

RED A RED 1 

GREEN B GREEN 2 

BLUE C WHITE 3 

BLACK D BLACK 4 

BLACK E RED 5 

BLACK F GREEN 6 

YELLOW G WHITE 8 

BLACK H BLACK 7 

BROWN J RED 7 

BLACK K GREEN 9 

WHITE L WHITE SPARE 

BLACK M BLACK SPARE 

Tab.1 Taps and wiring configuration for standard 

current-voltage measurement. 

Tab.2 Taps and wiring configuration for voltage 

spike studies. 
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Fig.5 Simplified electric schematic of the SSTF after the introduction of the connector box 
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Fig.6 Electric schematic of the connector box that split the signals 
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2.4) Voltage Spike Detection System 

 

 The input signal is first conditioned by a low pass filter, which attenuates 

frequencies greater than 30 KHz and also blocks RF noise to the preamplifier preventing 

harmonic distortion and rectification of the signal.  

 The input differential pre-amplifiers provide the major amplification of the signal. 

The gain can be 5 or 21 and it is jumper selectable (without jumpers the gain is 5). For 

spikes studies using strands the gain will be 21. These amplifiers were placed upstream of 

the fast isolation amplifiers in order to increase the signal magnitude before isolation, 

therefore improving the signal to noise ratio (SNR).  

 The isolation amplifier component chosen for this circuit is the Analog Devices 

AD215. It has a 1500V isolation voltage rating, a wide bandwidth of 120 KHz, and a low 

harmonic distortion of -80dB. A second filter at the output of the isolation amplifiers 

filters out high frequency modulation noise produced by the isolation amplifiers – 

typically ~2.5mVpp (peak-to-peak voltage).  Together with the input filter, this forms a 

2
nd
 order low pass filter for the input signal. 

 The signal-conditioning board (SCB) is commercially available from National 

Instruments, SCB-68, and its output is digitized by the National Instruments PXI 

multifunction DAQ: NI PXI-6120, fig.7. This module has 4 channels of simultaneous 

Analog to Digital Converters (ADC), 2 channels of Digital to Analog Converters (DAC), 

8 channels of input/output (I/O), and 2 counter/timers. The ADC has 16-bit resolution, 

built-in anti-aliasing filters, and can sample up to 800 KHz. The maximum voltage input 

is ±42V. 
  

 

 
 

Fig.7 Voltage transient "Spike" detection circuit block diagram 
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2.5) Ramp rate control 

 

At the SSTF during critical current measurements the current ramp is not 

continuous, it is close to a step function. Frequency of the steps is ~1.5 sec which 

generates a fast ~10
-2
 sec sudden increase of the current. These current steps generate 

inductive voltages in the coil and that would interfere with spike measurements. With 

steps of 20A the inductive voltage peak in the coil is about 2 mV. This value is 

unacceptable since we expect to measure voltage spikes of the order of 1 mV. Moreover 

this fast change in current is defeating the purpose of these measurements: studying the 

strands in conditions as much similar as possible to those of magnets. For this reasons 

Dan Turrioni, the electronic engineer of the SSTF, developed a faster current control 

system that allows updating the current value in every 2 ms instead of ~ 1.5 sec and 

achieving a significant reduction of the amplitude of the current steps.  

 

2.6) Coil inductance estimate and measurements 

  

In this section the inductance and the inductive signal due to current steps is 

evaluated. The coil inductance is estimated based on the geometry shown in fig. 1. Using 

an infinite coil approximation the inductance is:  

 

AlnL ⋅⋅⋅= 2

0µ     1) 

 

- n = number of turns per length unity; 

- l = length of the coil; 

- A = area of the coil. 

 

 Expressing eq.1 as a function of the total number of turns, N and the diameter of 

the coil d : 
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Since: 

 

d = 3.2 cm,  

coil step =0.3175 cm 

N=10; 

 

the estimated value of the inductance is: 
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This calculation is an overestimate because it is related to an infinite coil, a 

reasonable correction factor, for the ratio of d/l is about 0.7; using this factor the 

inductance estimate becomes 2.2µH.  
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 Measuring the resistance and the inductance of 10 turns with a LCR meter we got: 

 

100 Hz � L= 2.5 µH 

1 kHz � L= 2.37 µH 

10 kHz � L= 2.445 µH R = 38.35 mΩ 

 

Assuming an inductance of 2.4 µH, a current step of 20A with a rise time of 2·10
-2
 

sec, we can estimate that the ramp rate during the step is approximately 1000 A/sec and 

the inductive voltage is of the order of 2.4 mV. 

 

 

3) Software for spikes detection  

 

 Current-voltage measurements will be performed with the standard SSTF system 

while for voltage spike detection a stand alone program implemented in the spike 

detection hardware will be used. The control software for this system is written in 

Labview, and runs under the National Instruments real-time environment of the PXI 

controller. The main purpose of this software is to perform filtering, digital bucking, and 

triggering for data storage along with pseudo real-time visualization of the data with FFT 

of the bucked half-coils signal [2]. 

 

 

4) Sample to test 

  

 In tab. 3 the samples that have been heat treated for spikes studies are listed.  

 
Tab.3 Nb3Sn strands reacted for spike studies 

 

 

The standard Oxford heat treatment (OST HT) is : 25 °C/hr to 210 °C, 100 hr, 50 °C/hr 

to 340 °C, 48 hr, 75 °C/hr to 650 °C, 180 hr � 14.6 days.  

Samples #3 & 4 had the first part of the heat treatment equal to the standard OST HT but 

they were removed from the oven after 72 hr at 650 °C. 

 

Sample 

# 
SC  Technology HT 

Diam. 

mm 
Deff 

µm 
Barrel 

Billet    

# 

1A Nb3Sn MJR OST 1 110 Ti 218-3A 

1B Nb3Sn MJR OST 1 110 Ti 218-3A 

2A Nb3Sn MJR OST 0.7 80 Ti 208A 

2B Nb3Sn MJR OST 0.7 80 Ti 208A 

3A Nb3Sn MJR 72h 650 °C 1 110 Ti 218-3A 

3B Nb3Sn MJR 72h 650 °C 1 110 Ti 218-3A 

4A Nb3Sn MJR 72h 650 °C 0.7 80 Ti 208A 

4B Nb3Sn MJR 72h 650 °C 0.7 80 Ti 208A 

5A Nb3Sn PIT SMI 0.7 35 Ti 176B 

5B Nb3Sn PIT SMI 0.7 35 Ti 176B 
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� Sample #1 & 3: 

• are the strands with the biggest filament size;  in these samples we should 

observe the highest voltage spikes  

• the heat treatment used for #1 is the same as what was used for cos-theta 

dipoles (RRR~5) and it is expected to have a low RRR 

• the heat treatment used for #3 is the same as what was used for the Small 

Racetrack SR02 (RRR~120) and it is expected to have a high RRR 

 

� Sample #2 & 4: 

• have the same geometry and technology as Sample #1 & 3 but they have 

smaller filament sizes ~80 µm instead of 110 µm  

• Since the area of these strands is ½ as much as the area of the 1mm strands 

we will not expect to be limited by the power supply output current 

capability at low magnetic fields. 

� Sample #5 should have as good RRR value as sample #4 but a filament size much 

smaller ~35 µm instead of 80 µm 

 

 

5) Test procedure 

 

1) Critical current measurements: ramp up the current with a constant magnetic field. The 

measurements have to be performed from 15T down to the lowest magnetic field value 

where it is possible to observe a reversible transition from the superconducting to the 

normal state. The magnetic field step between each measurement is not bigger than 1T. 

 

� Ramp the magnet field at 1 T/min up to 12 T then ramp at 0.5 T/min up to 15 T  

� Ramp up the current at 20 A/sec until quench occurs (Iq15) (1mm MJR�400 A @ 

15 T).  

� At 15T ramp the current at 20 A/sec up to Iq15 -20% then at 1 A/sec up to quench  

� At lower magnetic field ramp the current at 20 A/sec up to the critical current 

value reached during the previous test performed at higher magnetic field value 

and than at 1 A/sec up to quench. 

� At the field (Bd) where we do not see a reversible transition, repeat the 

measurement at least 3 times. 

Assuming to follow this procedure down to 8T, it takes about two hours. 

 

2) Quench current measurements of strongly magnetized strands: sweep the magnetic 

field with a constant current (sweeping field test).  

 

� Ramp the magnet field down to 0T at 1T/min  

� Ramp the current (ramp rate 20 A/sec) up to quench (Iq0) in order to remove 

strand preconditioning 

� Sweep the magnetic field up from 0 to 4 T at 1T/min with a current ~ 20% lower 

than Iq0; 

� Repeat the sweeping field test between 0 and 4T with progressively lower 

currents (reduce the current by ~10% Iq0) till reaching the minimum quench 
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current IqMin. Always remove preconditioning before each sweeping field test. At 

the current where the strand can not be quenched sweeping the field between 0 

and 4 T, repeat the experiment at least 2 times. (Assuming Iq0=1000A and 

IqMin=600A the sweeping test will be performed once at 800A, 700A, 600A and 

twice at 500A) 

This experiment is expected to take about 3 hours.  

 

3) Quench current measurements of demagnetized strands: ramp the current with a fixed 

magnetic field starting with a sample completely demagnetized. The magnetic field 

step between each measurement is 1T. 

 

� Ramp the magnetic field down to 0T at 1T/min  

� Quench the strand in order to remove strand preconditioning (ramp rate 20 A/sec) 

� At 0 T ramp the current at 20 A/sec up to 0.9·Iq0 then at 1 A/sec up to quench.  

� At 1T ramp the current at 20 A/sec up to quench Iq1 ; 

� At 1 T ramp the current at 20 A/sec up to 0.9·Iq1 then at 1 A/sec up to quench.  

� Repeat the former two steps at higher magnetic fields where the quench current is 

lower than the critical current. 

This experiment is expected to take about 3 hours. 
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